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4moldm"^HN03 in 2moldm'^ NH4NO3 
Fig . 19 EJurion of Cu(l l ) and Cd(n) f r o m Sn{IV) 
ani l ine hexQcyanofCerrareCl l ) in <mol dTrT*^  
HNO3 •" 2mol dnfr3NH4NC3. 
7o 
c 
3 
E 
_3 
O 
> 
CM O CO >0 y CM 
<- O O O O 
pasn V i a 3 
z 
:^ 
z 
•D 
"o 
E 
c 
c 
< 
c 
c 
c o 
o 
Z c 
M- -
z o o 
*E I 
TJro 
o 'E 
E 5 
rM O 
? E 
O NT 
•D 
N 
c 
E 
< CO 
2 
—' C 
•o E 
c w 
o ^ 
c 
N 
c 
o 
o 
(. 
o 
a 
it 
«n 
o 
IZ 
o 
c 
C 
1 > 
o 
c 
o 
o 
X 
^(uupiouu^Pl^xj JO auunioA 
74 
10 20 30 40 50 60 70 0 10 
Volum* of ePfiuenr (ml) — 
20 30 40 50 60 70 
A J 002moldm"^NH4NO3 
B 5 4moldrrr^HN03 in 2moldnrr^NH4N03 
DMW; Demineralized wor«r 
F i g . 21 Separarion oP Mn(tl) and Cd(ll) on Sn(IV)Aniline 
hexacyanoteerrofedl) column. 
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Fig. 22 Seporarlon of Mg(ll) and Cd(l l ) on 5n(fV) Aniline 
hexocyonofSerrof#(H) column. 
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Fig.2< S#pararion of Ai(lll) from Cu(M) on 5n(IV) Aniline 
h#xacyanof!>rror«(ll} column. 
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Tabelle I. Ausgewahlte, mit dem beschriebenen Doppelsaulen-
system erhaltene Retentionsindexinkremente 
Substanz 
Retentionsindexinkxement * 
(lOV-3_jOV-101j^^„ (lOV-3_iOV-101)^^„ 
3-Methylpentan 
2.4-Dimethylpentan 
2.2.4-Trimethyl-
pentan 
2.2.5-Tiimethyl-
hexan 
2-Methylpenten-(l) 
n-Hexen-(2) 
Cyclopentan 
Cyclohexan 
Benzol 
Toluol 
0,0 ± 0,1 ** 
-1 ,6 ± 0,1 
-1 ,5 + 0,1 
5,1 ± 0,1 
4,6 ± 0,1 
6,2 ±0,1 
21,3 ±0,1 
- 2 , 1 ± 0,4 
-1 ,6 ± 0,1 
-4,7 ± 0,2 
7,5 + 0,3 
20,2 ± 0,4 
22,7 ± 0,2 
* Diese Retentionsindexinkremente sind wegen der unpolaren 
OV-101-Vorsaule ca. 20 % kleiner als bei einem reinen 
OV401-OV-3-Tandein ohne Vorsaule 
** Naherungsstandardabweichung, n = 3 Wiederholwerte 
Tabelle II. Liste der in den Chromatogrammen abgebildeten Substanzen 
Geraterauschen bedingte Nachweisgrenze bei 0,2 ppb W/W" 
liegt. Die Konzentrationen von Benzol und Toluol betra-
gen in der Probe der verdlinnten Kfz-Abgase 3,8 bzw. 
4,8 ppm W/W*. In der Aufienluftprobe erreichen die 
Werte 58 bzw. 84 ppb W/W. Diese Konzentrationen sind 
Mittelwerte aus Peakflachenbestimmungen aus den zwei 
Chromatogrammspuren. Die Differenzen zwischen den 
Mittelwetten und den jeweiligen Einzelwerten liegen 
beifunf Prozent. 
Dank 
Diese Arbeit wurde aus Mitteln des Bundesministers des 
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1 ppb W/W entspricht 1 0 " ' Gew.-% und 
1 ppm W/W entspricht 10"* Gew.-% 
Anhang 
Analysen-
parameter 
Vorsaulen: 
Trennsaulen: 
Tragergas-
flusse: 
Temperatur-
programm: 
Registrie-
rung: 
30 cm, 2 nun I.D., mit 7 % OV-IOI auf 
Chromosorb G-HP 100/120 mesh 
2 m, 2 mm I.D., mit 7 % OV-101 bzw. mit 
7 % OV-3 auf Chromosorb G-HP 100/120 
mesh 
Je 15 cm min N-, 
, dann - 9 0 ° bis 0° mit 30 min" 
0° bis 150° mit2,5°min-> 
Die Probenaufgabe von angereicherten 
Luftproben erfolgt bei - 9 0 ° iiber 15 min 
FID: Je 30 cm^min"' H2 und 360 cm^ 
min" ' synthetische Luft 
Verstarker: Je 1 X 10"'^ 
Abschwachung: Fig. 3: 
Fig. 4: 
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7 
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9 
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11 
12 
13 
14 
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16 
17 
18 
19 
Substanz 
Propan, Propen 
iso-Butan 
n-Butan, iso-Buten 
iso-Pentan 
n-Pentan 
Pentene 
Cyclopentan 
2-Methylpentan 
3-Methylpentan 
2-Methylpenten-(l) 
n-Hexan 
n-Hexen-(2) 
2.3-Dimethylpentan 
Methylcyclopentan 
Benzol 
2-Methylhexan 
3-Athylpentan 
2.2.4-Trimethylpentan 
n-Heptan 
Nr. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
Substanz 
2.3.4-Trimethylpentan 
Toluol 
iso-Oktan 
iso-Oktan 
n-Oktan 
Athylbenzol 
m-, p-Xylol 
o-Xylol 
n-Nonan 
Isopropylbenzol 
Cj -Aiomaten 
1.2.4-Trimethylbenzol 
n-Dekan 
1.2.3-Trimethy Ibenzol 
C^-Aromaten 
n-Undekan 
1.2.4.5-Tetraniethylbenzol 
Naphthalin 
n-Dodekan 
Lite 
Ul 
12] 
[3] 
[4] 
[51 
161 
17) 
181 
Zweikanal-
schreiber; 
Papier-
vorschub: 
A f.s.d. 
j e l O X 4 
je 10 X 1024 
Fig. 5: je 1 0 X 2 5 6 
Fig. 6: j e l 0 X 4 
Obere Spur = OV-101-Kanal 
Untere Spur = OV-3-Kanal 
10 mm min" ' 
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Cation Chromatography on Tin (II) Hexacyanoferrate (II) Papers in HCI and HCI + l\IH4CI Systems. 
Prediction of Ksp Values from Ri Values 
K. G. Varshney/S. S. Varshney 
Chemistry Section, Z.H. College of Engineering and Technology, Aligarh Muslim University, Aligarh, India 
Summary 
Tin (II) hexacyanoferrate (II) papers have been used to 
study the chromatographic flow of metal ions in solvent 
systems containing different concentrations of HCI and 
NH4 CI. The effect of parameters such as atomic number 
(Z), ionic charge, bare ionic radius (r°) and solubility 
products of metal hexacyanoferrates (II) on the rate of 
movement of the ions has been studied. As a result, a 
linear relationship between Ri ((Rf on plain paper) -
(Rf on impregnated paper)) and the solubility product 
(Ksp) of metal ferrocyanides has been obtained as follows: 
Ri = 0.76 + 0.0027 10^ 
'logKsp-Z'- r" 
The Ksp values of various hexacyanoferrates (II) have been 
predicted on the basis of the above relation. 
Experimental 
Preparation of ion-exchange paper: Whatman No. 1 
paper strips, 15 X 3.5 cm were impregnated with 0.25 
mol dm"^ stannous chloride solution in 4 mol dm"^HCl, 
dried and dipped in 0.25 mol dm"^ potassium hexa-
cyanoferrate (II) at room temperature. Excess solution 
was drained off and the strips placed over a filter sheet. 
They were washed thoroughly to remove excess stannous 
chloride, potassium hexacyanoferrate (II), or the acid, 
and were used dry. 
Test solutions and detection tests: the test solutions of 
metals and the solutions of detection reagents were pre-
pared as described earlier [15]. 
Procedure: one or two drops of test solutions were applied 
with glass capillaries and the ascending technique used. 
The paper was conditioned for 15 minutes and develop-
ment was with the solvent systems described under 
Results. The solvent ascent was always 11 cm. 
Introduction 
The use of hexacyanoferrate (II) compounds in the ion-
exchange of metals has been long known [ 1-11 ] as they 
show very good scavenging properties. Tin(II) hexacyano-
ferrate (II) has been prepared in these laboratories [12] 
and its ion-exchange properties studied in detail. It was 
found to possess high exchange capacity and high chemical 
stability in comparison to other hexacyanoferrates, 
especially stannic hexacyanoferrate (II) [13]. Later the 
material was used for impregnating paper in order to 
obtain binary separations of metal ions [14], twenty 
three such separations being achieved. Thus, the material 
has shown potential in important and difficult separations. 
Apart from separations paper chromatography has also 
been useful as a means of obtaining physical data such as 
the determination of the solubility product Ksp using Rf 
values, QureshiaindiSharma{\S\ have used staruiic 
arsenate papers in butanol-nitric acid media to predict 
Ksp values of metal arsenates. In these studies we have 
explored the possibility of predicting Ksp values of 
hexacyanoferrate (II) compounds from Ri values using 
tin (II) hexacyanoferrate (II) paper. 
Results 
Rf values on plain papers as well as on the tin (Il)-hexa-
cyanoferrate (II) papers were noted in the following 
solvent systems; 
1. HCI: 10- ' , 10-^ 10-^ 10-^,0.5 and 1.0 mol dm-^ 
2. 1 mol dm"^ HC1+ I mol dm"^ NH4CI in proportions: 
1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1. 
The following 34 metals were used for chromatographic 
studies: 
Cu (II), Ag(I), Rb (I), Mg(II), Ca (II), Sr (II), Ba (II), 
Zn (II), Cd (II), Hg (II), Al (III), In (III), Tl (I), Pb (II), 
La (III), Zr(IV), As (III), Se(IV), V(V),Cr(III),Mo(VI), 
W(VI), Mn(II), Co(II), Ru(III), Ni(II), Ir(III), Pt(IV), 
Ce (III), Ce (IV), Nd (III), Th (IV), U (VI). 
Discussion 
The main features of these studies are: 
a) A relation between the Rf and Ri values of metal ions 
and their average charge and their atomic number. 
b) A relation between the Ri values and the Ksp of 
various metal ferrocyanides. 
In general it was found that the metal ions do not move 
much (Rf =* 0) in most of the solvent systems, thus in-
dicating a large value for the selectivity coefficient on the 
impregnated papers. This is consistent with our previous 
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conclusion that tin (II) hexacyanoferrate (II) is highly 
selective for metals owing to the formation of stable 
ferrocyanides. 
In 0.1 mol dm"^ HCl the movement of ions is appreciable 
probably because of the lowered pH. A comparison of Rf 
with Ri (Fig. 1) reveals that K, Mn, As, Rb, Ag, Pt and Ce 
are the only metal ions for which Ri is small in comparison 
to other metals. Ag(I) is probably reduced by the 
cellulose of the paper to the metallic form. Arsenic and 
platinum are used as anions and, therefore, the exchange 
effect is not significant in these cases because tin (II) hexa-
cyanoferrate (II) is a cation-exchanger. Mangenese and 
cerium hexacyanoferrate (II) may not be very stable under 
the conditions of the experiment and hence they decompose 
during the chromatographic process, making free ions 
available for exchange on the papers. Potassium and rubid-
ium hexacyanoferrate (II) are soluble and hence show 
appreciable Rf values on impregnated papers. Addition of 
NH4CI to HCl systems has not been found to affect the 
movements significantly. 
Fig. 3 
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Ri is defined [16] as the difference between the Rf values 
on the plain and the impregnated papers. It gives a real 
measure of ion-exchange effects due to the presence of 
the ion-exchange material on the paper. It excludes the 
possible interactions of ions with the cellulose of the 
paper which is not the case with Rf value. Therefore on 
papers loaded with the ion-exchange material, Ri should 
be a more significant quantity than Rf. The hydrated 
radius of the metal ion is also an important factor in ion-
exchange chromatography. It is inversely proportional to 
the bare ionic radius, a more fundamental characteristic 
of an element. Hence the ion-exchange phenomenon may 
establish a relationship between Ri and the bare ionic 
radius of a metal on impregnated papers. A plot of Ri 
versus bare ionic radii (Fig. 2) mdicates this behaviour. 
Also, solubility of metal hexacyanoferrates(II) is 
another factor that seems to effect the value of Ri or Rf 
on these papers. In a similar study made earlier on 
stannic arsenate papers it was observed that these quan-
tities, namely the charge on the metal ion, bare ionic 
radius, and the solubility product of the metal arsenates 
correlate with the Rf values. Here, we observe that Ri also 
bears a relationship to these quantities on tin (11) hexa-
cyanoferrate (II) papers. A plot of Ri versus 10'/- log 
Ksp Z^  r" is a straight line (Fig. 3) which gives the follow-
ing relationship: 
10^  Ri = 0.76+ 0.0027 
-log Ksp Z 2,0 
Table I. Expeiimental values of Ksp for some metal 
hexacyanofenates (II) 
Metal hexacyanofenate (II) 
Th '* 
Pb^* 
Cu'* 
Ba'* 
Tl* 
Ksp 
6.7 X 1 0 - ' 
3.3 X 1 0 " " 
1 0 - " 
3.4 X 1 0 ' * 
9.2 X 10- '* 
Table II. Predicted values of Ksp of different metal 
hexacyanoferrates (II) 
Metal hexacyanoferrate (II) 
Cd'* 
Sr'* 
C&^* 
U ' * 
Mg" 
Mo'* 
Hg'* 
Work is in hand to confirm the values 
experimentally. 
Ksp 
4.46 X 10-^ 
3.0 X 1 0 - ' 
1.3 X 1 0 - ' 
8.3 X 1 0 - ' 
1.1 X 1 0 - " 
7.7 X 1 0 - ' 
6.2 X 1 0 - " 
in Table II 
where Z is the charge on the metal ion, r°, the bare ionic 
radius and Ksp the solubility product of the metal ferro-
cyanide. Only those metals have been taken, whose hexa-
cyanoferrate Ksp values are available in the literature 
117, IS] namely Pb, Ba, Th, Cu and Tl (Table 1). 
This formula can now be used to predict the Ksp values 
of various other hexacyanoferrates (II) (Table II). 
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